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Alwtrrict.
‘1’llc  ]JriIilaTy litl]itatio])  to gIOIIIIcl-bawd  ol,tictd/111  illtclfc)o!r[ctly  is tlI17  tIIIbul1211t  zIlrIIO

h] II Icrc,  wl,icll  lill)its  Scl,  silivi(y  I)y ICstric(il  [g, t]lc  col Iclcl  Icc vollllitc,  lit,)its  illlagilig  accul.w-y  by
colml)tillg,  t])c  f!illgc  ])]  Iaw!,  tIIId ]illl  its a<tlorllctlic  accuIacy  b y  con  uJ,tilig  t])c  alIg]c  o f  allival.
ValicIus  ridval,ccd  tccl!lliqucs  CaII be used to circutllvc]ll  tl[csc  l i m i t s  tcI scIIIIc  cxtctlt.  Scrlsilivity
cal I be iJ)clcascd  will]  ada])tivc  o] I(ic.6  alIcl 1.4scI  g[lidc  sthlh,  wllicl,  SIIOIIIC1  eveIItunlly  l,c al,lc  t o
I,]Iaw  tllc individual  aIICItLIICS  of aII i)ltc]fc]ol[,ctc)  CICJWII  t o  SOII)C cutofr  wavclcI[gLII,  litl)itcd  b y
ti]t  Scllsillg.  ]] C)WCVCI,  t]Ic  s k y  COVC18$?,C  fc)l  co])]  msi))g  t]lc  illtctfclolllctcl  0 1 1  aII arl,itrar’y  objcc~
w i l l  ml[)ail)  lilt)itcd  a l  sl[oct  wavclcllgtlls.  }’CII  illlagillg,  clOsuIc-]d  Iaw  tcclllliqucs,  WCII cstal,lisllcd
ill ladio il)tclfclc)lllctl},,  w i l l  bc usccJ  i]) r!cxt-g,cl)clatic)ll  illstl  LIIIICIIt  S. IIc,wcvcr,  fo] ]Ilaxilnutli  sc]l-
sitivity  CI]I cxtcl)dcd  c)l,jrcts,  rcclulld  ant  ariays  w i l l  I,c  II CCCICCI  to  CCII,IWIW  tllc ihtc]rc~c)mctcr.  1“01
a< LrOIIICt  IY, t]Ic. li]]]its  to w i c l c . f i e l d  astlo][,cl]y  set by tl,c atl[[osl,llc]e  call  Lc rcduccd  so][icwl  iat

Wit][  two co]or  tccl]])iclucs,  I)ut c)t})cl wiw C]CI  ]Iot SCC?II  ]c’dwit)]c  b y  t]]c  tcclll]iqucs  ]ICIW  bci]iF, clis-
Cussed.  IIowcvel.,  ovcl  ))al,ow  fields, tllc astroll)ei]ic  ],cIfoll,hTlcc  of ar]  illtclfc]ol,)ctcl  CaI,  l,c c,uitc
gcIocl. III Sl)acc,  witllc,u(  t.llc COM  {I])lic)])s of tllc atll)c,s})llc]c,  tl[c  fur]cl.wnc]lt  al li]l,ilatiotl  is ]I}IOtCIII
],oisc. }Iowcvcr,  tccllllical  issues  sucl  I a< I[lctlology  accu]acy  alIcl  ),ractical  issum  SLICII  a. I!)akiltlur[l
af[c)ldal)lc  I)asclillc  lcIIg(}I  will also lilllit  I) CIfOIIIIaTI  CC.

I{(,Y words:  lc)]lg,-l,awlil)c  illtc]fc]cnnc.t]y  - i],(c]  fclolim[lic  ill)agillg  - a~l]o],)ell  y - a(iiios],},clic  cf-
fcc(s

1. ll]trOduction

Atlnc)s])llmic.  trirl)ulmlcc lilni(,s all visible and illfrarcd  ol)scrvtit,iolls ]nadc froln t,llc
p;rcmlld, Wllctl)cr tl)cy I)c ilna~iltp; or astrolnctric. ]Iowcvcr,  rcccllt  advances ill adal)-
tivc o])tic,s al]d lawr guide s t a r s  and IICW  tcclltliques  ill astrolllctry call bc used t o
circulnvc])t  tltcsc  ]ilnits  tc) sol])c cxtcllt.  Wlli]c a groulld-l)ascd  illtcrfcrol[)ctcr  call
IIcver  c’xcccd !ltc ])crforlllallcc  c)f all )dc]) tical  illstru)l)ctlt,  jr) sl]acc, si]tli]ar I)crfor-
lnal)cc Sl)ould  C7vclltrlal]y I)c aclticwrl)lc f o r  ccrtaill  WaVC]CIIF,[]}  I)alids f o r  ccr(aill
tyj)cs of illtagillg  slid mtrolllctric c)lxcrvatiol)s.  III fact, tllc large cosl diffcrclltial
lmtwccl] ilis(rulllcllt,s  o]t (}Ic2 p;roul, d a]id itlstrutncllt,s  ill s])acc is such that c.ollsicl-
cral)ly larger  illstru)l)el)ts  call be ])uilt o]) (Ilc grc)u)ld,  altd I)cttcr  ])crforlllallcc IIlay
illdccd I)c acllicval)]c froln (IIC p;roultd  for ccrtail)  ty])cs of c)lwcrvations.

‘J’]lis I)ricf  review discusses tl]c atrllos])llcric  lilliitatiol)s  to i)[lag;illg  and asknn -
d r y  olI f,l Ic grou]ld usi]l~  Mic.llclso])  i]ltcrfcro]Iictcrs ill tlIc visil)lc aIId  ]Icar-111,,

ilis(ruincl)(  c.onfiguratiol]s alIcl  olmcrvatioll  strategies 1,0 deal wit,]l t,]Icsc ]ilni(, at,iolls,
and a l)ricf co]nl)ariso]l with sj)acc illtcrfcrc)]l  lctcrs. hlorc detail o]] adva]lccd  tccll -
]Iiqucs  for il]tcrfcrc)lnctry  is disc. usscd ill (SIIao & Co]avita, 1992a)  a]ld rcfcrc]iccs
f,llcrcin.
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2. IInagillg

‘J’lIc cflcct of atrt]crs])llcric  turbulmlcc  OII gmu]ld-based illta~irlp,  is Lw,ofolcl: (,]Ic K-
duc(io~] of tlIc colicrctlcc  vola]]lc (!lIc  IIroductl  of ilic atti}c)s})llcric collercllcc arm  r:
and tl]c col]crcllcc  tit]lc 70,  rcsalls ill a loss c)f sc]lsitivil,y,  .aIId t,f Ic c.orruj)(ic)]l  of t]IC
Micllclso)i fri]lgc ])llasor usaatly  II Ialics (IIC raw fringe pllasc u]lusal)lc for syllt]lcsis
illlap;illg.  l)cs})itc  workitlg  utlclcr t]lcsc ]i)l)i(at,iol)s, cxccllmt  scicncr  ha s  l)cca ac.-
coln])lisllcd  witl I existing instralllcllts,  ]Iowcvcr,  fatrlrc  llig;ll-])crfc)rtt)allcc  illlagillg
syst,cIIIs  II IUSt a(]clress  I)ot]l  c)f (,]ICW issacs. ‘1’]]e sc]isitivity i s s u e  Cal I t)c adclrcsscd
by usi)lg acla])t,ivc o])l,ics to ])lIzrsc  tlIc  il, dividua] a]wr[,urcs  of tlIc rrrray, f.xsmltially
irlcrcasia.p; 7’o to t,l Ic al)crt, rlrc dial) lctcr, aIId I)y tlsjllg j)]Iasc  rcfcrc]lci]l F; t,c) cc)]) lIasc

l)etwccll a])crturcs,  cssctltially  incrcasitlg  70 to tllc avail al]]e illtcg;i-afioll  tirnc.  ‘J’llc
c.orru]~tiol)  of t,llc fritlg;c l)llasc call I)c addressed I)y tllc use of closure ])llasc, as ill
tlIc radio,

IIowcwr,  t,llcrc ale lilllits  to tlIc a])}) licatioll  o f  ada])tivc o~)tic.s  alId ])liasc-
rcfcrcllcc kclllliqucs, and to c losure ])1 Iasc tcc]l)liqacs, lbr tlIc for)llcr, t,llcrc arc
liltlits  to t,lIc  sky covcragc  acllicwal)le at snort wavclc]lg(,lls,  discussed I)c1ow; for t,]Ic
lat ter ,  tllcrc arc lilllits  to source  I)rig,lltrlcss  aTId cxtcllsio~l  due k) tllc l)ro])cr(ics  of
tlIc cstirl)ators  at visil)lc/lli  wavclcllgtlls. III ])articular,  closure I)l)asc  is cstirliatd
Usil)g;  tlIc I.ris])cctrulll  if] o r d e r  t o  yield all ulll)iascd cst, ill]at,c,  ]Iow,cvcr,  t,]ic l)is-
])cctrulll is a six(l-order cstitnator  ill electric field, and at visi})lc wavclcllgtlls  tllc
sig]lal-to  ~loisc ratio (SNI{)  is ])ro])ortiolial  to (/A~\/):+ for low SNIL, wllcrc AT is t,lic
IIulnl)cr of ])IIOLO]IS ]Jcr col)crcl]cc  volu]ne  a)ld V is tlIc fri T]gc visil)ility, ‘1’111)s,  SNlt
falls of]’ ra])iclly  for fai]lt ol)jccts wlIc]I tllc c.ollcrcl,ce  vo]ulnc is s}llall  (fV << 1) or
llIC ol)jcc(  is cxklIdd  (\z << 1). ‘J’]lus,  for succcssfol  i]llag;iltg of cx(cIIdccl  objects,
tllc collcrc]]cc  VOILIIIW  ]]iast  be it)crcascd SUCII tllfit  tlIc  SNI{ ]m fra]nc i s  F;rcatcr
tlla]l allity.

‘J’raditiotlallyj tlic rcfcrcllce.  star  ])rol)lclll  ill adal)tive  oj)tic.s ]las l)rcc]udcd t,]lc a])-
l)licatioll of t,]lcsc tcc]ll,iqlics to olwcrvatiolls  at dlort  \vavclcIlgtlls. At visible wavc-
lml~tl)s without  laser gllidc s(ars, it IYOUIC1  ordillari]y  t)c llcccssary to fitld a 10-ll]a&
s t a r  wit,llill t,llc s e v e r a l  a]c SCCO]Irj  iso])]allatjc  ])at,cll  al)out t,]lc t,argct,  ill o r d e r  to

yield  suflic.icllt ]Jllotc~lls  ])cr 7’0 t o  run tl]c wavcfro]lt scllsor.  IIowvcr,  with tllc ad-
vcJIt of laser-g;aid(-star tcclllliqllcs (cf. l’ap,atc et al. 1901, I)rill)llwIllarl  C( al, 1991),
tllc laser S],ot ])rovidcw tl]c ])1)0!011s  for tllc IIigl)-order corrcc.tiorls,  w]lilc  a ]Iat,ura]
star is ]Iccded  oIIly for t,i])- tilt, corrcct,  iol); t,llis star, w]lic]l call LC SC] ISCCI usi))~; t,]lc
WIIOIC a])cr(arc,  call I)c as fairlt a s  15 18 ll]a~. A s  col)crcrlcc area and isoI)lallatic
allglc illc.rcasc  ra])idly  \vitll wavclrtl  F;(ll, almvc sott]c cutofl’ wavclcll?; (n, WI l(IJ1 f o r
ltirgc a]wrturcs,  full sky coverage is availal)lc, \vitll ])artial covcraF,c  or ])artial  cor-
rcctioli avail al)lc at sllortcr  wavclcllgtlls, Ada])tivc c)])tics wit,]] IIat,rlral  F;llidc stars,
illcluclillg; (lie ])arlial cc)rrcctiol[  case, as w’cll as ]ascr-g,  aide-star ada])tivc  o])tic.sj arc
discussed ill detail  clscwllcrc  ill this ])rocccdill~s,

l“or a])]) licatio~l tc) irltcrfcrolltc(ry, it is wort]l llotitl~ that tltc SNIL IIccdccl f o r
tilt ccrrrectioll witl] Iascr-guide-s(ar ada])tilrc oI)tics is sir[lilar  (0 that Ilccdcd for
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fritl?;c t r a ck ing  wit])  aII i]ltcrft’rc,ll~ctcr.  III otl]cr woIds, if yOII rmtrict yourself to
ol)jccts  you could fri]]gc track if tllr aIIcrturw  wwc 1)1 Iascd, (lIctJ tl]c ol)jcct is IJrigllt
cIIougt  I to smvc’  as a ti]( r’c’fcrcIIcc. said  diflcr’cllt]y,  assulllil!?, ])]Iasd  I)u})iis, if y’ou
call C. 0])1 IMC t,l)c itltcrfcrcjl~lctcr,  you call ])llasc it as WCII. lJllfortrltlatcly,  tile collvcrsc
of t,flis is IIot, t r u e ,  a]lcl  co])llasitlg  is tl)c  ]norc  diflicul( ])rol)lctll  for illlcrfcrc)lllctry.

2 . 2 .  (k)lIIIASING

llllfc)rtllllatcly,  laser-guidestar tccllllc)logy dots 110( scclll aI)],lical)lc to c.o])}lasill~ of
irttcrfcrolnckm.  ‘1’ltcrc  arc several ]Jrol)lcllts.  ‘J’}IC  I)ritnary ]jrol)lcln is atll]osl)lteric
rcci I)mcily, w]lic]l ]Ias t]lc dkct of l)lakillF; t]lc ]ascr s])ot, a]]]lcar statiorlary  to t]lc ill-
strullle]lt,  a]]d tlIus ]~rcvc]lts  it, frol]n l)ci)l?;  used as a tilt or co]~llasillg  refcrclicc. ‘1’llis
is tll Ie rcaso]I  a ]Iatural  tilt rcfcrc]lce is IIccdcd for laser-~uidc-sl,ar add])tivc o])tics.
III additio]l  to this ])rol)lmll, tllrrc  would  l,c ])rol)]cllls wit]l  focus allisc)])lallatislll, as
well as tllc rrcllieval~lc l)ri!;lltfrlcss  of tlie laser s])ot, wlliclt would I)c stron?;ly resolved
by tllc illtcrfcrol[ictcr.

‘ J ’ b u s ,  o]lly a dcslial ol)jcct call Iw used as a co])llasillg refcrcvlcc.  With a
sj)arsc-a])crturc  i]]tcrfcml[lctcr, this ol)jcct ]Ilust l~c loc{itcd witllill  tl}e ordi Ilary
isoj)lanatic  ])atcll (lIot tllc tilt isol)la]lat,ic  I)atc.11, w]licl] is slightly larger), so Lllat
tllc sky covcragc for co]]hasill?;  wit]) ])1 Iasccl ])u])ils  is ICSS tllal] Lllat acllicval,le  with
laser-guide-stlar ada])tivc  o])tics. llowc~’er, as Ivitll a])erturc  }Illasiltg,  tltcrc  is sol I)c
cut.ofl” wavclcngtll  al)ovc wllic]]  full sky ccwcra~c is avail al~lc. ‘J’IIC  calculations for
sky covcragc arc si]nilar  to tllmc  for llatl]ral-g~]iclc-sttir ada])tive o])tics  (cf. lti?;aut
& Gc]ldro]l  1992), and alI csti]natc  is givcll I)clow.

Wavclcllg(]l sky COVrl~~C

]):  ?11)  1): (ill) 1): 10111

0.6 ]/11) o.]% 1 % 3%
1.() //11) 0,5% :,% 15%
2?.0 //111 7% 70 % 1 00%

l’ro]]] tl]r  tal)lc,  it c21]I l)c SCCII that sigllificdl]t s k y  covcragc  is oIIly availal)]c f o r
A< 1 .[) 2,0 1{]11 with larpcr  a])crlures, IIowcvcr,  ill this fully co],llascd  IImdc, a ?,roulld
ilitcrfcrolnctlcr  IIow IIas tllc saltlc I)asic I)crforl]lallcc  as Fi sl)acc illtcrfcrolllc(cr  witt[
o])tics at t,llc sa]l)c tclll])eraturc.  No te ,  that WIICII co])llascd,  c]osurc  quall(itics  c.alI
I)c i)ltcgratcd  collcmnltly SUC.11  that tllc SNli. ])cr fralllc is always greater t}la]l unity,
al)d tlItls tllcrc is lIo smlsitivity  ])cllal(y  to IIlcasurillg tllc closure I)llasc.

]~r]li]c co])]lasillg for  ark)i(rary  fic]ds  is })ossi])lc  at ]o]]g wavc]cllp;t]ls, at S]lort
wavclcllgtlis  a c.o])llasill?,  rcfcrctlcc  for arl)itrary  fields will IIot F;cllcrally I)c avail-
al)lc. 111 this  c.asc Lllcrc arc scvcra] o]~timls, ollc is to ol)scrvc ill ]Jassivc ]nodc, w]lcrc
tlIc bislmctrullt  is illtc~,ratcd ill narrow l)al]dwicltl]s  set to ll~ailltaill col)crcllc.c  dc:-
S])ltC tll C atrllos])llcric. ])llasc  fluctrlatiolls.  ] Iotf,cvcr, l~ccatlsc of tl)c ])llotoll rate a]td
visil)ility  dc])cndcl  Icc of tllc LisI)cc(rulll cstil]lator  and tllc IIarrow Imnclwidtlls re-
quired,  l)assivc o])cratio]l exacts a large sc]lsitiyii,y ])cllalty, cs]]ccially olI cxtcl Idcd
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11’iF,. 1. A])],]oxi]l]atc  sf]lsitivi(y  of a I<clIIII{la IIt-a]J(ItIIIc  i]l(clfc]oIllctcr  (W 5 x 5)  for irtjaP,-

ill~, cx(cliclccl  objcds.
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ol)jects. WIJilc, sil]lilar  to ]Jartial a(la])t, ivc o])tics, tllm-c arc ~Jar(,ial c.{)])]la.sillp,  01)-
t,iolls wllic]l allow t)lIC usc of wider” s}jcctral cl IalIIIcls  tlla]l ordi]lary  I)assivc-lnodc
O]wratic]ll,  tl)c }Iip,llcwt  tflroll~ll])u(  solutiolj  is (0 col)llasc oll tllc ol)jec.t  i tself  usi]j~
n rcdunda)il  array.

2.3. lMAGING WICIII RI; I) UN II AN<I’ ARI{AYS

‘J’llc basic idea is (0 desi~r]  a rdu)ldallt arriiy SIICII  t]lat tl)c lollp,er })asclil]cs  wllicll
resolve tllc target are s])allllcd }Jy a II II II IIICr  of sllorlcr  OIIPS wllicll do lIo( (cf. lid
dim 1988).  ‘l’l)us, wlli]c it is lIot [)ossil)lc  to frillgc track d i r e c t l y  oll tl]c ]ollgcr
l)asclillcs bccausc of tllc low frillr,c visil)ili(y,  fri)lp,c lrackirlg  is still ]Iossil)ty 0]] tllc
sllcrr{, I)asc]illrw  o v e r  \vllicll t,llc ol)jcct.  s( ill al)])cars ]Joillt,-]ikc,  ‘J’lills, I)y l)oot,s(,ra]).
l)ili~ across a IIutlll)cr of snort Ijasclillcs, tllc loll~cr I)asclillcs  call l)c a])])roxiillatcly
co])llasd.  1])  t h i s  case, tllc  sitrlalioll  is as discussed al)ovr, w}lcre tllc l)isJ)cclrlll[l
Call be collcrmltly illtcg;ratd u]ltil its SIN]{  is p,rcatcr t,l]till  unity, so t,]lat, tllcrc  is TIC)
]~c)lalty fro])) (IIC usc of tllc l)isl)cctrultl  ratllcr tllall  tl]c orditlary  hflicllclsoll  ~)llasor.
‘J’ltc p;cmcral  I)c]lavior  of this  tyJ)c of illla~ill~ is ill[lstratcd  i)] lrig. 1, wllicll f o r  atl
assulncd  bxb rcdl]]lda]ll  array, ])lots  tllc liltlitillF, source llla F;tlitrldc vs. ol)jcct COJII  -
],lcxit,y  for scvcra]  al)crturc  diallwtcrs.  1’0]  colt)])ac(  ol)jccts,  Llle lil~litillg IIlagtli(udc
is set I)y tllc frillp;c- tracki)lp; lilllitiil  F, lnaF;llitudc for a I)oillt, ol)jcc(,,  ]Iowcvcr, as t,]lc
ol)jcct l)cco]ncs  r e s o l v e d  I)y  tlIc  sllortl  t~ascliltcs, ll]c scllsitivit,y degrades ra])idly.
‘1’1111s, rdulldal~t arrays arc a p;ood so]utioll for )nodcratcly  I)rig]lt  ol)jcct,s, or t, flosc
tllal IIavc a c.oll]])ac( c.orw,
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(IIC error is also iIIclcl)ctIclcl  Ii of IJasclil)r lc]tp, tn. ‘1’tlc lilllit  fro)]l  tlIc g;roulld is w50
IO(J IIlilliarcscc.( ll]as) for a l-lni)l  IIlctisarell)cllt.  ltc],catcd  IIicfisurctllcllts  dccorrdatc
for sc])aratio]ls  of order 1 IIr, and tl]us tllc acllieval)lc accoracy  for, say, 1(I Iligllts of
10 olmrvatiolls ]Jcr IIigllt is Wb 10 II)as. ‘J’tlcwc  Ilulnlwrs  arc consistent with Mark 111

olmrvatio]ls (Shao d al. 1990). ‘J’llc cquivalctlt, visil)lc lilllitillg  IItagl[i(rlclc  for suclt
lncasurcll]cllts  is wIO ltlaF; for a ~’isil~l(-~va}’clcllp,tl]  illtcrfcrolllctcrj  allcl w15 ~na:; for
all IIt intlcrfcrolnct,cr;  }JIIcrtol]  ]Ioisc is IIot a I)rol)lcrll  for suc]l l)rigllt sources.

At visihlc wavdcvlgt][s  so~llcwl)at IIip,llcr  ticcuracics  arc acllicval)le with two color
tccll]liqucs.  ‘1’lic csscncc of tllc tcc]ltiiquc is 10 c)l)scrvc tllc fritlg;c ]msitioll a t  two
}i’i(lcly-sc]~fi ratccl colors, IIccause of at Iilosl)llrric dis]wrsioll, tllc two frillg;c ],ositions
will t]c clifl’crcn(, and tlIc  diflkrmcc  w i l l  l)c ]Jrol)oriiollal  to tl)c instaTltancous atJ-
II]os])llcric. error, allowillg fi cc)rrcc(io]l  to l)c lnadc, ‘J’IIc  ])rc)ccss is not, sigl)ificalltly
difl’crmlt  frolll tlIc usc of two- f’rcquc][cy  t cclllliques  ill tl]c radio  to correct for io]lo
s})llcric  errors. ‘.t’llc acllicvablo g~i)l ill astrolllctric  ]wrfortnfillcc  is tyj]ically a factor
of ~ ~, ]illlitcd by water va])or and otllcr cf[ecls. ‘J’IIus, W] IIlas yearly accuracies
scelfl to bc a fairly IIard  lilnit  for p;roulld-llascd wiclc-allglc astrwllctry.

‘1’llc atrnospllcric  cfl’ccts arc less scvcrc wit}l a cliflcrcntial  Incasarel[lclit  wllic.11 Inca-
silrcs tllc cliflcrcmcc  i]] tllc ])osit, ions of  two s t a r s ;  ill ]~articlllar, tllc ‘(wllitcnil)g”
cflcc.t of a difl”crclltial  lncasurclocllt  leads to all at, rllos])llcric error wl)ic.11 dccrcascs
at tlIc  square root  of tllc intcg,ration  tillm. ‘J’l  Ic strttc-of-  tl]c-art,  for diflcrclltial  lma-
surclncnts  over fields of WI O arclllill  utili7,cs T1-lodcst-size tclcsco])cs  with (K;])  cm
rollc.lli-rulillg back cllds, ljor this colt)l)illation  of fic]d and illstralncrlt,  size, tl]c at-
lnos])]lcric  error is only weakly clc])clldcllt  011 tllc tclcscol)c clialtlctcr altd tllc s t a r
sc]~aratiollj atlcl t,llc ac.llicvablc  accuracy is wI-  2 lllas/~llr. ]’lloto]l IIoisc is equal to
atrnos])lleric  ]Ioisc at w18 Inag; for a 1 .b III tclesco])c will I a (;(;1) clctcctor.

W]lat  is tllc source of tllc error ill a diflkrclltial  IIlcasurclllcllt?  Q[lalitativclyj  light
frol]l cac.11 star follows a diflkrcllt ]jatll tllroag}l tllc attllos])llcrc,  and it is this  de-
viation  frolll a colIltIlolI  ])at,ll wllicll il)trodaccs  tllc error. (;ollsidcr  tl]c case of two
stars 0.5° a])art: at tllc to}] of tllc turt)ulcllt  atlimsl)llcrc,  II - 10 kit], tile rays fro]ll
tllc two stars arc scl)aratcd  l~y 1 ()() III, wllic]l is orditlarily  ]IIUC.11  greater  tllatl tllc
l~asclillc lcllg;tll l).  III this rcgilllc,  tlIc ]]rc)}jortic)llality  of tllc error is as 0113, where O
is tllc star sc]jaratio)l. IIowevcr, if tllc field is IIarrowcd or (Ile l)aselillc is illcrcascd
so that 0// < IJ, tllcll tl)c error I)cllfivior  cllallp;cs radical ly,  arid is lIow  strongly
dc])clldcll( c)]] hot]] tile star sc])aratio]l (as 0) and tllc hasclinc  Icllgtll (as 11- 2/3)
‘J’llis bcllavior  is illastratcd ill l’ig. 2, wllicll gives tllc atll)os])llcric error ill 1 lir of
i]itcgratiol)  tilnc  for a Maulla  l{ca trlrl)ulcllce  ])rofile.

‘J’l]c  error I)cllavior  for very s]tlall fields suggests a IICW ty])c of astrolnctric.
IIlcasllrclllcllt  for clctcctillg cxo])lallcts  or otllcr “at” IIlotio]ls using a loJlg-l)asclillc
illfrarcd  illtcrfcrolt-lctcr (S]lao and (:olavit,a 1 9921)). ‘J’lic I)asic. idea is  io c]tl])loy
a  dud]  fcd at cacll a])crturc  of  tlIc  itltcrfcrolllctcl  a n d  IIlcasurc tllc difl’crcllc.c ill
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lip,.  2. 1;1101  l)cllaviol  o f  a diflc]cat ial ast]o]ilctric  lIIoasalclI,  cat  as a fullc~io]l  of ficlcl aag]c

and bascli]tc  lcllg,  (h.

Atmospheric Limits for a Diffcrcntiai Mcasurcrmnt
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delay Imtwcml tllc fringes 011 two stars sitllllltallco(lsly.  If tltc olmrvatio]is  arc IIIad C
ill LIIc ill frard at 9,’2  //111, tfletI ]Jllase  rcfcrmlcirlg  call I)c used witllill tlIc 2.2 //]11

isoIJlallatic  ]Jatcfl (15 20 arcscc)  of a rclativc]y  l)rigllt tarp;ct l,o irlcrcasc sctlsitivi(y  ill
crrdcr to always fi]ld usal)]c  IIca Il)y rcfcrcllcc stars.  A detailed exatll[)lc is worlicd  ill
tf]c almvc rdcrmlcc;  ill saltllnary,  for a 200-r IJ illstrlllllcllt,  tllc atrtlos],llcric Iilllit  for
stars sc])aratcd  I)y 15” is w1O llas/{lIr. ‘J’l Ic l)llotoll ]loisc  lill)it is alsc) wIO llas/{llr
for stars of ty})ictil visual )J}np;llitrldc  20.5; stars of this  ]Ilagtlitrldc should I)c avail al)lc
witlli]l tllc EISSUIIICXI  15’) oftlle ttirgct,  wllicll itself is aSSIIIIICd l)rip,lltcr  t} IaII --16  II Ia~; .

3 . 4 .  As’J’]{oh![  ;’J’]{\”  \V1’1’11  SI’A(:I’; IN’I’II;l{I’I;l{  ON! I:’I’l; I{S A N I )  <:[)N[;  I, LISIONS

‘J’lIc  a])])roxiltlatc  ca],al~ilitics allcl Scllsitivitics  c)f F;rou IIc1- I)ascd  visil)lc/]lcal-11{  ?IS
tro]ndry,  diwosscd  al)ovc, arc su][l]llarizcd I)c1ow.

h4casur’clllcll( IIlstrulllcllt I’icld  Atr]]osj)llcric  Accaracy Sc]lsitivity

wide allglc 11/ il]tcrf. 20° lb )tlas/{lliglll 16 II)ag
wide altglc Y-colol. vis. illtclf. 20° 5 lllas/{lligllt 10 IIlq,
]Iarrow  ang]c 1.5111 tclcscopc’ 10’ 1-2 ]t)as/{lir 18 IIlag
very ]]arrow  a]lglc dual -crl)jcct llt illtcrf, 15“ 10 l(as/~llr 16 ]IIag

‘J’lIc  colll])arisol)  wit])  s])acc itltcrfcrcntlctcrs  is IIIUCII  sitll],lcr for as(rol[lctry  tl]nll
f o r  illla~;il]g.  IIltcrfcrolnctcrs  c)utsidc  of tllc at tllos]]llerc arc IIOJY  IIlct ro]op;y  alId


